THE INITIAL LESION IN EXPERIMENTAL ALLERGIC NEURITIS : A PHASE AND ELECTRON MICROSCOPIC STUDY by Åström, Karl E. et al.
THE  INITIAL LESION  IN  EXPERIMENTAL ALLERGIC  NEURITIS 
A  PHASE AND ELECTRON MICROSCOPIC STUDY* 
BY KARL E. ,~STROM,$ M.D., HENRY DW F. WEBSTER,§ M.D., 
BARRY G.  ARNASON, M.D. 
(From  tke Department  of Neurology,  the Josepk P.  Kennedy,  Yr., Laboratories of tke 
Neurology Service, Massachusetts General Hospital;  tke Department of Nenrology- 
Neuropatkology, Harvard Medical Sckool, Boston, Massacku3etts 02114; and 
the Department of Patkology H, Karolin~ka Instituter, Stockkolm, Sweden) 
(Received for publication 15 May 1968) 
Peripheral nerve emulsified in Freund's adjuvant and injected intracutane- 
ously into experimental animals induces an inflammatory disease of peripheral 
nerve known as experimental allergic neuritis (EAN)  (1). Compelling evidence 
has been amassed that EAN depends upon a reaction of delayed hypersensitiv- 
ity. The mode of its induction and the time which elapses after induction before 
the onset of clinical disease are comparable to those seen in other diseases of 
delayed hypersensitivity  (2).  Passive  transfer of EAN  to intact  animals has 
been achieved using sensitized lymphoid cells (3) and, in an in vitro analog of 
passive transfer, lymph node cells from rats with EAN have caused demyelina- 
tion of nerve fibers in cultures of rat peripheral nerve (4).a 
The category of delayed hypersensitivity reactions includes a  number of re- 
sponses  to bacterial,  fungal,  and  protein  antigens,  as  well as  certain  experi- 
mentally induced autoallergic conditions and the reaction which mediates first 
set rejection of foreign tissue grafts. All these various reactions depend upon 
intervention by sensitized cells and the morphology of their early lesions is in 
every case comparable (5). At the onset of a  delayed hypersensitivity reaction, 
circulating mononuclear cells traverse the venular wall in the target organ or at 
the site where antigen has been introduced and form perivascular collections. 
These  cells are  thought  to have a  key role  in  initiating  the  cytodestruction 
which ensues. 
This study describes the fine structure of the participating cells in lesions of 
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EAN prior to the onset of demyelination.  Given the known homology of lesions 
in the various delayed hypersensitivity reactions listed above, at least some of 
the conclusions reached in this study may prove to hold for the class as a  whole. 
Nerve is in some ways uniquely suitable for a  study of the intimate morphol- 
ogy  of a  delayed  hypersensitive  response.  Blood vessels  in  nerve  run  parallel 
to the long axis of the nerve so that, using nerve fibers as a  guide, it is possible 
to  obtain  true  longitudinal  sections,  and  thus  to  visualize  individual  vessels 
over long distances.  Elicitation of a  delayed  response  by a  skin  test  produces 
local  trauma  with  consequent  nonspecific  alterations  in  regional  vasculature. 
In EAN as in other autoallergic diseases,  this complication is avoided. 
Material and Methods 
Antigen.--Peripheral  nerves from healthy adult rabbits were resected, cleaned of fat and 
connective tissue, cut twice on a freezing microtome, and then ground in a mortar with step- 
wise addition of Freund's adjuvant  (Bayol F3 containing 3  mg heat-killed Myeobaaerium 
tuberculosis var.  homims  per  milliliter). The approximate  relationship  between  tissue  and 
adjuvant was 2:3. The mixture was stored at -20°C. It was used for immunizing one group 
of animals (group I). 
A second group  (group  II) received an antigenic mixture of rat rather than rabbit nerve 
made up as a 20% emulsion in Freund's adjuvant. 
Animals.--Group I: 55 male rats of Sherman strain  (approximate weight 100 g) received 
0.05 ml of antigen into each forepad. Material from 18 of these rats was used for light micros- 
copy and that from the remainder for phase and electron microscopy. 
Group II: 20 female Lewis strain rats (approximate weight 100 g) received a single injection 
of 0.20 ml of antigen into the left hind footpad. Material from 14 rats was processed  for phase 
and electron microscopy and that from the remaining rats was examined by light microscopy. 
Injected animals were kept in cages containing 5-10 rats, fed Purina chow, and given water 
ad lib. They were examined daily for neurologic deficits and  signs of inflammation at  the 
injection site. Group I rats were killed 3-29 days, Group II rats 8-22 days, after immunization. 
Microscopy.--  (a) Light microscopy: Each sciatic nerve was bisected and sectioned longi- 
tudinally. The proximal half was fixed in 1% OsO4 to demonstrate the myelin sheaths. I-Iema- 
toxylin and eosin were used to stain the distal sections after formalin fixation. 
(b) Phase and  electron microscopy: The animals  in  Group  I  were perfused  according  to 
the technique of Webster and Collins (6). We used a 2.5% solution of Veronal acetate-buffered 
glutaraldehyde (pH 7.6) that contained 0.25 nag CaClffl00 ml. 
Sciatic nerves were dissected out, blocked, and postfixed for 3-4 hr in a cold 2% Veronal- 
acetate-buffered solution of osmium tetroxide, dehydrated, and embedded in epon. 
Group II rats were perfused with the aid of a mechanical pump which produced a flow of 
35-40 cc/min. 500-600 cc of a 3.64% glutaraldehyde solution adjusted to pH 7.6 with Soren- 
sen's phosphate buffer was given during an interval of approximately 15 min. The dissected 
blocks of sciatic nerves were postfixed at room temperature  in a  2% buffered solution of 
osmium tetroxide containing 2 g sucrose per 100 mi of fluid. 
Cross and longitudinal sections for phase microscopy 2.5 # thick were cut on a Porter-Blum 
microtome. The plane of sectioning was adjusted under microscopic control to obtain true 
longitudinal sections which contained long segments of individual blood vessels. 
Thin sections were cut on a LKB Ultrotome I, stained with lead citrate (7), and examined 
in a Siemens Elmiskop I. 
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RESULTS 
Clinical  Symptoms.--Approximately  half  of  the  immunized  rats  showed 
clinical disease.  Symptoms were usually mild and appeared 2-3 wk after im- 
munization. Affected animals lost weight and were weak in the hind limbs but 
were able to stand and move about. The symptoms were unchanged or increased 
slightly for several days before subsiding gradually. The lesions described in 
this paper are those seen up to the onset of demyelination, i.e., up to 15 days 
after immunization. Most of these animals had slight or no signs  of disease. 
Phase  Microscopy.-- 
Intravascular lesions: Sciatic  blood  vessels from  animals killed during the 
1st wk after inoculation were empty, perfusion having washed away essentially 
all hematogenous elements.  Beginning 8  days after inoculation, intraluminal 
lymphoid ceils remained attached to the endothelium as illustrated in Fig. 3 a 
and b.  Study by serial section showed every cell to be in contact with endo- 
thelium.  Presumably,  this contact prevented them from being washed away 
during perfusion. 
The intravascular cells had the size and general appearance of lymphocytes. 
Their nuclei were more irregular than  those of small lymphocytes and their 
cytoplasm was more abundant  than  that of the small lymphocyte. We con- 
sidered them to be activated lymphocytes. 
Many intravascular lymphocytes appeared stretched out in longitudinal sec- 
tions. Sometimes the main mass of the cell containing the nucleus floated free 
in the lumen and was anchored to the endothelium by the tip of its "handle" 
as illustrated in Fig. 3b. More commonly, the cells were flattened against the 
endothelial surface. 
The intraluminal cells within a  given vessel frequently had the same polar 
orientation, e.g., in Fig. 3b all the nuclei lie below their cytoplasmic handles. 
The diagram in Fig. 1 illustrates the shapes of several intravascular cells and 
their relationship to the endothelial surface. 
Intravascular mitotic figures such as those illustrated in Fig. 4 were seen on 
several occasions. Serial sectioning showed all  such mitoses to be in  cells at- 
tached to the endothelial surface and not in the endothelial cells themselves. 
Mitosing intravascular cells were usually seen as part of a cluster of lymphoid 
cells within and without the vessel but on occasion a mitosis was noted in an 
isolated intravascnlar ceil. 
In a  few lesions, lymphocytes were exclusively intraluminal, particularly in 
early cases. More commonly, there were cells both within and without the same 
vascular segment. Sometimes intravascular cells were scattered along the endo- 
thelium seemingly at random, at other times they accumulated focally. In some 
exceptionally severe lesions lymphocytes paved the endothelium like cobble- 
stones (Fig. 6). Whenever this was observed many perivascular and interstitial 
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Peri,ascular lesions: The  commonest perivascular  lesion  comprised  a  cell 
accumulation, often a  strikingly focal one, immediately outside the basement 
membrane (Fig. 3b).  At other times, and especially in early cases,  a few cells 
were arranged as a minute focus or scattered singly along the outside of a vessel. 
Larger perivascular lesions were seen more commonly in later cases in associa- 
tion with beginning myelin breakdown. 
The perivascular collections contained a spectrum of "round-cell" types rang- 
ing from lymphocytes to histiocyte-like elements (Figs. 5-8). Most perivascular 
cells were larger and more pleomorphic than the intravascular cells with larger, 
less  electron dense, and more irregularly shaped nuclei containing prominent 
nucleoli. Their cytoplasm was more abundant than that of the intravascular 
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FIO.  I.  A schemstic representation of lymphocyte attachment. Intravascular lymphocytes 
seen in several specimens have been placed together within the same blood vessel to illustrate 
the suggested sequence of events as lymphocytes attach  to endothelium.  The direction of 
blood and perfusion fluid is presumed to have been from left to right. 
cells  and extended arms  irregularly in various directions.  Mitoses were fre- 
quent among the perivascular cells. 
Smaller perivascular lesions were compact. In many of the larger lesions, in- 
dividual cells were separated by variable amounts of fluid (Fig. 6). Fluid con- 
raining scattered cells was seen exceptionally. Polymorphonuclears were noted 
rarely in early EAN lesions. No plasma cells were seen. 
Interstitial lesions: Invading cells in the interstices between nerve fibers were 
usually, but not always, contiguous to perivascular cell collections. Interstitial 
cells  were  commonly larger than perivascular cells.  Occasional mitoses were 
seen among them (Fig.  7).  Isolated invading cells  oriented themselves along 
the longitudinal axis of the nerve fibers and only a minimal separation of one 
fiber from  its  neighbor  occurred.  In  larger  interstitial  infiltrates,  the  nerve 
fibers were widely separated from each other by cells and fluid. 
Destruction of myelin: When present,  segmental demyelination was readily 
identified in the unstained phase sections. An example is illustrated in  Fig. 8. 
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started between 10-14 days. The pathological picture, as observed in the light 
and phase microscopes, varied in different animals sacrificed at the same time. 
It also varied from place to place in the same rat; nonetheless, some general 
conclusions can be drawn. Intra- and perivascular lesions occurred more com- 
monly in  animals  killed earlier and  interstitial  and  demyelinating lesions  in 
animals killed later. The presence of isolated mitotic figures in cells on the en- 
dothelium was an especially early sign of disease. Demyelination was not seen 
in the absence of cells nor in lesions where the cells were exclusively intravascu- 
lar.  It was uncommon at  the margins  of purely perivascular collections and 
was seen best in areas of interstitial cell infiltrate. 
Electron Microscopy.-- 
Intra~ascular lymphocytes: The cell membranes of the intravascular lympho- 
cytes were, in general, well defined but appeared indistinct in some areas both 
close to the endothelial surface and away from it (Fig. 9a). Multiple fine finger- 
like processes projected from the lymphocyte surface. In addition, many cells 
had a single bulky process forming a  "handle" (Fig. 9b). This handle was usu- 
ally parallel to the endothelial surface and made contact with it at its tip. 
The cytoplasm (Figs. 9 and 10a)  contained numerous ribosomes, frequently 
grouped as polyribosomes. Endoplasmic reticulum was scanty. The Golgi appa- 
ratus usually faced a nuclear indentation (Fig. 10a).  Varying numbers of mito- 
chondria and multivesicular bodies were also present. Cytoplasm near zones of 
contact with endothelium was no different from that elsewhere. 
Rounded  membrane-bound intracytoplasmic vesicles and vacuoles of varia- 
ble diameter up to 1 t~ were seen within  intravascular cells (Fig.  9a).  Some 
vacuoles were situated in proximity to the nucleus; more commonly they were 
near the cell surface. Most contained small amounts of amorphous material. 
A larger membrane-bound vacuole (diameter, 1.5-3.0 t~) joined to the rest of 
the cell by a tenuous cytoplasmic bridge was seen less frequently (Fig. 9c). These 
vacuoles  were  either  empty  or  contained  small  dumbbell-shaped  particles. 
The large vacuole illustrated in Fig. 9c rests upon the endothelium; more com- 
monly the large vacuoles did not. 
The nucleus was usually eccentric in position and irregular in shape with the 
chromatin  concentrated  marginally.  Nucleoli  were  not  prominent.  In  cells 
spread out along the endothelium, the nuclei were flattened towards the endo- 
thelial surface. Some nuclear indentations faced the endothelium, others faced 
away from it. 
Some intravascular cells were attached to the perinuclear region of the endo- 
thelial cell, others were close to intercellular junctions. No preferential site for 
attachment to the endothelial cell was noted. At times, lymphocytes extended 
across one or more junctional zones to make contact with two or even three 
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posed membranes were usually intimately apposed. Lymphocytic processes  in- 
dented the endothelial cytoplasm as seen in Figure 10a.  An intricate jigsaw 
interlocking of lymphocyte processes  and endothelial cell recesses is illustrated 
in Figure 10b. 
By and large, endothelium with which lymphocytes had made contact looked 
normal but occasional endothelial cells appeared swollen with large nuclei and 
nucleoli, prominent Golgi apparatuses, along with increased numbers of cyto- 
plasmic vacuoles, multivesicular bodies,  mitochondria, and profiles of rough 
endoplasmic reticulum. Some endothelial cells contained lipid droplets. A cystic 
change in endothelial cells to which lymphocytes had attached themselves was 
noted in a few cases. 
Lymphocytes  within  endothelial  cells:  Lymphocytes encased  in  endothelial 
cell cytoplasm were noted repeatedly (Fig. 11). Lymphocytes traversing endo- 
thelial junctional zones were never seen.  These  observations  were  taken  to 
mean that lymphocytes in EAN migrate through the cytoplasm of endothelial 
cells rather than between cells (8). 
Transmigrating lymphocytes had  centrally located  nuclei.  Except  for  an 
absence of large vacuoles, the cytoplasm did not differ from that of the intra- 
vascular lymphocytes. All transmigrating cells seemed alive. They did not seem 
to migrate preferentially through any particular part of the endothelial cells. 
More than one migrating cell might lie within a single endothelial cell (Fig. 1  lb). 
Some transmigrating cells indented the endothelial nucleus (Fig.  12a); others 
were found at varying distances from the nucleus. 
Thin layers of normal-appearing endothelial cytoplasm separated the migrat- 
ing cell from the vascular lumen on one side and from the basement lamina on 
the other. Endothelial cells containing lymphocytes bulged into the lumen. 
Transmigrating cells were contained in cavities lined by endothelial cell mem- 
branes (Fig.  lla).  Both migrating and endothelial cell  membranes appeared 
distinct. The distance between the two membranes averaged 200-300 A. Usu- 
ally the cleft between them appeared empty. No direct contact between migrat- 
ing cell cytoplasm and that of its host cell was noted. 
The cell  illustrated in  Fig.  12a  is  incompletely surrounded by endothelial 
cytoplasm; it has broken through the endothelial cell to make contact with the 
basement lamina. A further step in cell migration is illustrated in Fig. 1  lb in 
which a lymphocyte lies between endothelium above and basement membrane 
below. A thin bridge of endothelial cytoplasm extends above the rounded outer 
aspect of the lymphocyte. The cell is flattened against the basement lamina 
which appears to be impeding further migration. Finally in Fig. 11c, a lympho- 
cyte  appears  to  be  thrusting  itself  through  holes  in  the  basement  mem- 
brane. 
The cells outside  the vascular  wall: Some extravascular cells seemed identical 
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with less dense chromatin concentrated at the nuclear periphery (Fig. 14). They 
contained one or more prominent nucleoli. Their bulky cytoplasm extended 
arms in various directions. It usually contained a Golgi apparatus with vesicles, 
a centriole, polyribosome rosettes, varying numbers of mitochondria, lysosomes, 
multivesicular bodies, and dense bodies. The endoplasmic reticulum was scanty 
in most cells  though occasionally well developed (Fig.  14),  especially in the 
largest cells. The cytoplasm frequently contained vesicles and vacuoles which 
were either electron-lucent or contained granular material and were similar to 
those seen in intravascular cells. Phagocytized material was rarely seen. 
Seemingly isolated pieces of cytoplasm and membrane-bound vacuoles were 
seen as well. It could not be decided whether these fragments were attached to 
cells by narrow processes or had been shed as in clasmatosis. The interstitial 
spaces contained protein rich fluid. 
DISCUSSION 
It is known that the lymphocytic cells which accumulate perivascularly in 
delayed hypersensitivity reactions are  derived from circulating elements  (9, 
10). Our observations indicate that the early lesions in EAN form in the same 
way. Attachment of circulating lymphocytes focally to the  inner surface of 
blood vessels,  primarily venules of peripheral nerves, initiates the formation of 
parenchymal lesions. The attached cells  migrate through the vascular  wall, 
accumulate extravascularly, and eventually insinuate themselves between nerve 
fibers. These cellular events precede any tissue damage, and  the conclusion 
seems  inescapable  that  they are  instrumental in  the destruction  of myelin 
which follows (11, 12). 
Cell attachment must be at least in part an immunologic process since it 
occurs only after immunization and only in the antigen-containing tissue. It is 
conceivable that nerve normally releases products which diffuse into the circu- 
lation. If one such substance were the antigen of EAN, contact intravascularly 
between it and ceU-bound  antibody or some other antigen recognition system 
on the lymphocyte surface might trigger cell adhesion and migration. 
The lymphocyte's initial contact with endothelium is probably made by the 
tip of a slender arm. Such a process keeping the main mass of the cell at a dis- 
tance from the endothelial surface might be expected to minimize the effect of 
the mutually repellent electrostatic charges which exist between lymphocytes 
and endothelium (13).  Attachment of lymphocytes to other cells by a narrow 
stalk or uropod has recently  been described in vitro (14). Our experiments point to 
a similar mechanism of attachment in vivo as the initial event in cell migration. 
Having gained a foothold, the lymphocyte flattens against the endothelium, 
either because it is deflected by the stream of blood or by dint of its own ac- 
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of blood, since almost all the cells in any given vessel are deflected in the same 
direction. It could be  argued that they had been deflected during perfusion 
but we doubt this because occasional cells attached to the vessel  wall remain 
vertical as though fixed in action, and this is particularly true of those with 
tenuous attachments. Further, deflected cells are seen in nonperfused venules. 
Our experiments establish that, in the early lesion of EAN, lymphocytic cells 
traverse the vascular wall by going through rather than between endothelial 
cells (8).  The sequence of events we envisage as occurring during lymphocyte 
migration is illustrated in Fig. 2. Migration begins when a lymphocytic process 
invaginates the endothelium (Fig. 2, A, B). The lymphocyte subsequently be- 
comes completely surrounded by the endothelial cell (D, E). The most probable 
intermediate step is illustrated in C, although a cell in this exact situation has 
not been observed by us. The lymphocyte emerges from the parenchymal side 
of  the  endothelial cell  as  the endothelial cytoplasm gradually retracts back 
from or is pushed aside by the migrating cell  (F). The basement lamina im- 
pedes further migration temporarily (G) but is subsequently penetrated (H). 
The process described here seems analogous to emperipolesis,  the term given 
the unique property of lymphocytes to enter and move about within other 
cells  (15,  16).  Lymphocytes in tissue culture have been seen to bustle about 
within a  cell which they have invaded, displacing mitochondHa and "jostling 
and sometimes indenting the nucleus" (17).  Lymphocytic cells  in EAN like- 
wise indent endothelial nuclei while traversing the vascular wall (Figs. 2, E, 
and 12a). 
Emperipolesis can be remarkably focal; many lymphocytes have been ob- 
served to enter one particular cell in a monolayer culture after having passed 
over a  number of seemingly identical cells  (15).  The focal character of EAN 
lesions raises the question whether lymphocytes may not seek out certain en- 
dothelial cells particularly favored for cell passage. The hand mirror configura- 
tion of the attached cells in EAN, a configuration identical with that described 
for actively motile lymphocytes in  tissue  culture,  would be  consistent with 
such a view. 
Both transgressor and transgressed cell membranes in our EAN lesions were 
intact so that the lymphocytic cell was situated in a  cavity encased by endo- 
thelial cell membrane.  Similarly, in electron micrographs of emperipolesis  in  / 
tissue culture, Shelton and Dalton (18) noted that invading malignant lympho- 
cytes and host macrophages were separated from the cytoplasm of each other 
by membranes. 
Marchesi and Gowans (19) have shown that small lymphocytes, during their 
normal circulation, leave the blood and enter the node by traversing endothe- 
lial cytoplasm in postcapillary venules, a  process exactly comparable to that 
described  in  this  communication. Several  differences between  their  observa- 
tions and ours are worthy of comment. Postcapillary venules of lymph nodes 
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venules studied by us was not morphologically different from that seen nor- 
really throughout the  organism.  Normal  circulation primarily involves small 
lymphocytes; the cells in our inflammatory lesions are better classified as ac- 
tivated lymphocytes. In our studies, alterations were noted in the cytoplasm 
of some endothelial cells to which lymphocytes had attached themselves, sug- 
FIG. 2. A schematic  representation of lymphocyte  transmigration in EAN. An intravascu- 
lar lymphocyte (A) migrates through the endothelial  cell (B-G) and the basement lamina (H) 
to reach the extravascular space. All pictures have been copied from actual electron micro- 
graphs except C which is hypothetical. 
gesting  that  the  role  of  the  endothelial cell  in  lymphocyte attachment  and 
migration may not be purely passive, a point about which Marchesi and Gow- 
ans were also uncertain. 
The major contribution of  this  study is  to show  that lymphocytes in  the 
initial lesions of EAN, just as in their normal circulation, pass extravascularly 
by moving through endothelial cells rather than through intercellular junctions. 
EAN  is  a  well-defined inflammatory response of delayed hypersensitive type 
but  whether  transmigration  through  endothelial cells  is  a  general feature of 
delayed hypersensitive reactions remains uncertain.  A  hint  that  this  may in 
fact be the case is to be found in an electron microscopic study of the tubercu- 478  INITIAL LESION  IN  ALLERGIC  NEURITIS 
lin  reaction  in which lymphocytes partially encased by endothelial cells  are 
illustrated (20).  In an electron microscopic study of experimental herpes sim- 
plex encephalitis in the rabbit performed in our laboratory, lymphocytes were 
observed migrating extravascularly by passing through, rather  than between, 
endothelial cells2 
During the evolution of allergic encephalomyelitic lesions,  blood-borne cells 
have been reported to pass  out into the nervous system through  interendo- 
thelial junctions (21,  22),  results at first consideration in disagreement with 
those reported here unless it is appreciated that the studies in which such find- 
ings were reported were not concerned exclusively with the earliest EAE le- 
sions. In later EAE and EAN lesions,  large numbers of macrophages of un- 
certain origin are seen. Cells of the monocyte-macrophage series are thought to 
enter the tissues by passing through interendothelial junctions (23). 
The lymphocytes within endothelial cells appeared identical with those within 
the vascular lumen except for a  lack of large vacuoles. Possibly vacuoles are 
lost at the onset of transmigration. Extravascular cells were larger and more 
pleomorphic  than  intravascular or  migrating cells,  but  their basic  cytologic 
features were in keeping with an origin from circulating cells. We conclude that 
lymphocyte  transformation  which  began  intravascularly  continued  extra- 
vascularly. 
Lymphocyte transformation in the lesions of EAN seems comparable to that 
studied intensively in vitro following Nowell's discovery (24) that phytohemag- 
glutinin (PHA) stimulated cultured lymphocytes, seemingly nonspecifically, to 
transform and divide. This led to the finding that specific antigens will trigger 
transformation of lymphocytes from subjects in whom skin tests to these anti- 
gens are positive (reviewed in 25,  26).  Animal experiments have shown that 
cell transformation induced by specific antigen can be taken as an index of de- 
layed hypersensitivity since the proportion of cells which will transform corre- 
lates with the intensity of skin reaction, and specific antigen fails to trigger in 
vitro transformation of cells from animals immunized by routes which lead to 
antibody formation in the absence of delayed hypersensitivity (27). 
We presume that cell transformation in EAN is triggered by contact with 
nerve antigen in a  manner analogous to that seen in the in vitro situations. 
Cell transformation in EAN begins while the cells are still within the vessels. 
This might be  taken as evidence supporting the suggestion advanced earlier 
that contact with nerve antigen occurs intravascularly. In our lesions, virtually 
every invading cell was transforming and of uniform appearance. This might 
suggest that all the cells were specifically sensitized, since, as discussed above, 
exposure to specific antigen triggers cell transformation. However, it has been 
shown that only a  small proportion of cells which appear in passively-trans- 
ferred reactions of delayed hypersensitivity are of donor origin (28, 29). If it is 
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presumed that no significant exchange of information between donor and host 
lymphocytes occurs before or during the elicitafion of the passively transferred 
response, one is led to conclude that only a  small proportion of the cells at a 
delayed reaction site are specifically sensitized. If only a  small proportion of 
the  initially arriving cells  in  the EAN  lesion are  specifically sensitized and 
since all the initially arriving cells transform, one must wonder whether a popu- 
lation of specifically sensitized cells attracts and transforms a  second popula- 
tion of unsensitized lymphocytes. 
Cells  with an ultrastructure identical with that seen in the early lesions of 
EAN have been described several times in vivo; in lymph nodes draining skin- 
grafts which are about to be rejected (30, 31),  in lymph nodes during the de- 
velopment of contact sensitivity (32),  and in the efferent lymph of stimulated 
nodes. Cells stimulated by PHA in vitro also show an ultrastructure similar to 
that of the cells described herein (33).  In the EAN lesions,  cytoplasmic vacu- 
oles  were seen in many of the cells within and without the vascular lumen. 
Similar vacuoles have been  described  in  the  cytoplasm of PHA  stimulated 
lymphocytes in vitro  (33)  and would appear  to  be  a  general  characteristic 
of transforming lymphocytes. Most of the vacuoles seen by us were probably 
pinocytotic but some of the largest ones might have been excretory in nature. 
The level of mitotic activity in the lesions of EAN seems comparable to that 
seen in other delayed reactions. It was higher in extravascular than in intra- 
vascular cells, a finding corroborated by a  tritiated thymidine-labeling experi- 
ment (34). 
Holes were never seen in the vascular wall once migration was completed. 
This self-sealing  and the close embrace of the lymphocyte by the endothelial 
cell during migration would seem to permit less plasma to escape extravascu- 
larly when cells migrate in the manner described in this communication than 
when they move extravascularly through intercellular junctions. Nonetheless, 
free fluid was seen in many lesions. It seems improbable that it was an artefact 
of perfusion since it contained protein and the perfusion fluid was protein-free. 
Some of this protein might have beenproduced by the transformed ]ymphocytes 
since such cells are known to synthesize and release protein. The comparatively 
large nuclei and nucleoli, the large numbers of free ribosomes, of polysomes, 
and the occasionally well-developed endoplasmic reticulum seen in transform- 
ing cells  in EAN all indicate ongoing protein  synthesis. The nature  of the 
protein or proteins produced by transforming and transformed lymphocytes is 
not known; the bulk of it appears not to be antibody. 
Some of our pictures suggest that the intra- and perivascular cells can bud 
and  shed pieces  of cytoplasm. The shedding of fragments or  "clasmatosis" 
has been observed in cultures of lymphocytes, of macrophages, and of plasma 
cells. It may constitute a form of cellular secretion (17). 
While individual lymphocytes and monocytes might conceivably be mistaken 
for each other, the over-all morphologic uniformity of our cells,  their scanty 480  INITIAL  LESION  IN  ALLERGIC  NEURITIS 
lysosomes, and abundant  ribosomes should be contrasted with  the abundant 
lysosomes  and  moderate  number  of  ribosomes  characteristic  of monocytes. 
The hand mirror configuration shown by many of the  intravascular  cells  is 
characteristic of the motile lymphocyte but not of the monocyte. Additionally, 
published studies reveal a sequence of morphologic changes, as cultured mono- 
cytes evolve to macrophages, quite different from that seen here (35, 36). 
SUMMARY 
Experimental allergic neuritis  (EAN)  was  produced in  rats  by  the  intra- 
dermal  injection  of an  emulsion  of peripheral  nerve in  Freund's  adjuvant. 
Early  lesions  in  perfused  sciatic  nerves  were  studied  by  phase,  light,  and 
electron microscopy at intervals up to 15 days following immunization. 
Circulating  lymphocytes  attached  focally  to  the  inner  surface  of  blood 
vessels, primarily venules, to initiate parenchymal lesion formation. Attached 
cells  had  the  hand  mirror  configuration typical  of the  motile  lymphocyte. 
They subsequently flattened against the endothelial surface and then traversed 
the vascular wall by sinking into and passing through the cytoplasm of endo- 
thelial cells. The transgressor and transgressed cell membranes were intact and 
both cells retained their integrity. 
Lymphocytes began to transform and divide intravascularly; these  events 
accelerated extravascularly. Although  the migrating ceUs became larger and 
more pleomorphic in the perivascular regions, their essential character was in 
keeping with an  origin from circulating lymphocytes. In many lesions,  there 
was  fluid with  protein, possibly produced by the  transformed extravascular 
cells. The described cellular events precede tissue damage and are likely instru- 
mental in the myelin destruction which follows 
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All photographs are of osmium fixed,  epon-embedded sections of perfused sciatic 
nerve  from  rats  with  EAN.  Animals were  killed  13-15  days  after immunization. 
Figs. 3-8 are phase photomicrographs of 2.5 #  unstained sections.  Most  are  lrom 
group I anim:.ls. Figs. 9--14 are electronmicrographs of thin sections stained with lead 
citrate (7). All are from group II animals. 
FIG. 3.  Intra- and  perivascular  cell  collections.  The  myelin is  intact.  FIG.  3a. 
Two venules are seen; the one to the right is empty. The vessel to the left contains a 
focal collection of lymphocytes attached to the vessel wall and perivascularly. X  205. 
FIG. 3b.  Higher power view of an adjacent section to that seen in 3a showing many 
of  the same cells. Some intravascular lymphocytes are attached to the endothelium 
by a tenuous process to give a hand mirror configuration. Nuclei of most intravascular 
cells lie below the cytoplasmic processes by which they are attached to the endothelium. 
The direction of blood and perfusion fluid flow is presumed to have been from above 
downwards.  The perivascular invading cells are  larger than  the  intravascular cells 
with larger less dense nuclei and more abundant cytoplasm. They are arranged as a 
compact group.  A  single  lymphocyte invading the  interstitium is indicated by the 
arrow.  The endothelial cells look normal,  x  81{L 
FIG. 4.  A  blood  vessel  contains a  lymphocyte attached  to  the  endothelium (1), 
two other lymphocytes mitosing on the endothelium (2, 3), and a mitosing cell in the 
perivascular region (4). Invading cells surround the vessel and are beginning to pass 
into the interstitium (5).  X  615. 483 484  INITIAL  LESION  IN  ALLERGIC  NEURITIS 
FIG. 5.  Densely packed cells around a venule. Most extravascular cells have large 
nude[ with less dense chromatin and more prominent nucleoli than intravascular cells. 
Their cytoplasm is abundant and extends in various directions. Some intracytoplasmic 
vacuoles are noted. A few interstitial invading cells are seen. Their appearance does 
not differ  from that of  the extravascular cells. There is no myelin destruction. Two 
mitotic figures are noted (arrows).  ×  655. 
FIG. 6.  A  venule paved with  lymphocytes in various stages  of  attachment and 
transmigration. An intravascular mitotic figure is indicated by the arrow with a circle. 
Cells labeled with the plain arrows may be lymphocytes traversing endothelial cells. 
Per[vascular cells are seen in various phases of transformation. They range from an 
extravascular  cell  indistinguishable from  those  seen  intravascularly to  large  cells 
with a  light and irregular nucleus. The chromatin in these latter cells tends to be 
arranged about the nuclear periphery and numerous prominent nucleoli are seen. The 
fully transformed cell has an abundant cytoplasm. This cytoplasm is moderately dense 
and finely granular. Some transformed cells contain intracytoplasmic vacuoles.  Inter- 
cellular fluid rich in protein surrounds many of the invading cells.  ×  510. 
FIG. 7.  Interstitial cellular infiltrate. One cell is dividing (arrow).  A  transformed 
cell with large oblong nucleus, two nucleoli, abundant cytoplasm with irregular cyto- 
plasmic  margin,  and  numerous processes  is  well  seen.  Multiple intracytoplasmic 
vacuoles,  as well as occasional  small dense bodies are set in a moderately dense cyto- 
plasm. The myelin is intact.  X  820. 
FIG. 8.  Segmental demyelination in one fiber.  Myelin in the  segment above the 
node of Ranvier (indicated by upper arrow)  appears intact. The nude axon (lower 
arrows)  is surrounded by cells, some of which are macrophages. Many invading cells 
lie below  the blood vessel in the upper right corner of figure.  X  510. 485 486  INITIAL  LESION  IN  ALLERGIC  NEURITIS 
FIG. 9. Intravascular  lymphocytes attached  to endothelium,  a.  Cytoplasmic arms 
of an intravascular lymphocyte extend in various directions. The cytoplasm contains 
ribosomes and polysomes, a  few profiles of smooth endoplasmic reticulum and  a  few 
profiles of rough endoplasmic reticulum.  Vacuoles of varying size and rounded  or ir- 
regular contour are scattered  through  the cytoplasm. The vacuoles are mainly mem- 
brane  bound;  scattered  fuzzy electron-opaque  material  is present  within  several  of 
them. The lymphocyte nucleus is dense and irregular. It is situated at a distance from 
the endothelial surface. The cell is best classified as a lymphocyte in beginning trans- 
formation.  Extravascularly beyond  the basement  lamina  (B)  parts  of longitudinally 
oriented  cells morphologically similar to  the intravascular  cells are seen.  These  cells 
have  transmigrated  from  blood  to  parenchyma.  The  endothelial  cell is  normal.  An 
interendothelial  cell junction  (arrow)  is seen to  the left and  is also normal.  The  site 
of lymphocyte attachment would appear to lie some distance from the interendothelial 
cell junction.  X  12,250. 
FIG. 9b. An intravascular  "hand  mirror  lymphocyte"  the main mass  of which has 
come  to  rest  on  the  endothelial  cell surface.  A  Golgi apparatus  is wedged  into  the 
nuclear indentation of the intravascular lymphocyte so as to face the endothelial cell. 
The  endothelial  cell  appears  normal.  Extravascularly  and  beneath  the  basement 
membrane protein rich fluid has accumulated.  Part of an extravascular  transforming 
cell is seen to the right.  ×  7450. 
FIG. 9c. An elongated intravascular lymphocyte similar to that seen in b. The main 
mass  of  the cell rests on  two endothelial  cells and  lies across an interendothelial cell 
junction.  The  tip  of the cytoplasmic  "handle" balloons out  into  a  large  vesicle  of 
unusual  configuration.  This  vesicle  contains  small  free-floating  dumbbell-shaped 
structures.  The  endothelial  cell contains  a  prominent  Golgi apparatus  situated  di- 
rectly beneath  the  area  where  the  vesicle makes  contact  with  the  endothelial  cell. 
X  9250. 487 488  INITIAL LESION IN  ALLERGIC NEURITIS 
FIG.  10.  Indentation of  endothelium by lymphocytic processes,  a.  A  finger-like 
process extends to indent the underlying endothelial cell surface  (arrows).  A promi- 
nent Golgi apparatus with Golgi vesicles (G) and a centriole lies between this process 
and the nucleus and is bounded on either side by mitochondria. A transforming cell 
lies below  the basement lamina. Two interendothelial cell bridges lie just to the left 
of the intravascular lymphocyte. X  14,500. In the inset a more extensive process from 
an intravascular lymphocyte indents the underlying endothelial cell. The endothelial 
cell embraces this process  closely.  X  16,000. 
Fic. 10b. Multifaceted processes  from  an  intravascular cell sink into and  almost 
through (arrow)  the underlying  endothelial cell. Polyribosomes are particularly promi- 
nent in this lymphocyte. The perinuclear space  is widened. The slender process  (P) 
with minute vacuoles at its tip coming in from the left belongs to a second intravascu- 
lar lymphocyte. Transforming  cells lie extravascularly  beyond the basement membrane. 
These  cells  contain loosely  structured  rough  endoplasmic reticulum in addition to 
polysomes.  X  14,700. 489 490  INITIAL LESION IN  ALLERGIC NEURITIS 
FIG. 11. Transmigrating lymphocytes. Fig.  1  la.  A  single lymphocyte encased by 
an endothelial cell. The thin layer of cytoplasm appears to belong to one endothelial 
cell. The lymphocyte is situated in a membrane-line cavity; the discontinuity is due 
to a technical defect.  X  12,500. 
FIc. llb. Lymphocytes  in  various  stages  of  transmigration.  An  intravascular 
lymphocyte is seen to the upper left  (1).  A  lymphocyte entirely encased by endo- 
thelial cytoplasm is seen to the right (2).  The Golgi apparatus of the endothelial cell 
lies in close proximity to and just below this invading cell. The lymphocyte cell mem- 
branes are intact. The  cell  lies  in an endothelial cell membrane bound space.  The 
endothelial surface is bulged into the lumen by the intraendothelial lymphocyte. A 
third lymphocyte has traversed the endothelial cell to lie between it and the basement 
membrane (3).  Beyond the basement membrane are two transforming lymphocytes 
(4). All five of these invading cells show a similar basic cytology.  X  7800. K.  E.  /~STROM~  H.  DE  F.  WEBSTER~  AND  B.  G.  ARNASON  491 492  INITIAL LESION IN  ALLERGIC NEURITIS 
FIG. 12.  Transmigrating lymphocytes. FIG 12a. Lymphocyte  traversing an endo- 
thelial cell. In one small area  (bounded by the arrows)  the  lymphocyte has broken 
through to  the basement membrane; otherwise it is entirely encased by endothelial 
cell cytoplasm. The encased lymphocyte causes  the endothelial surface  to bulge into 
the vascular lumen. The endothelial nucleus (N)  lies just to the left of the transmi- 
grating cell. At times the endothelial cell nucleus is indented by the lymphocyte as it 
passes.  X  12,250. 
Fie. 12b. Transmigrating lymphocyte arrested between overlying endothelial cell 
and underlying basement membrane. A thin layer of endothelial cytoplasm is bulged 
into the vessel lumen by the lymphocyte. An intact endothelial cell junction (arrow) 
is seen at the extreme right.  X  10,500. 
FIG. 12c. A  lymphocyte is extending processes  through  the basement membrane. 
Transformed lymphocytes with less electron dense cytoplasm than that of the intra- 
luminal cells lie beyond the basement membrane.  X  11,000. 493 494  INITIAL LESION IN  ALLERGIC NEURITIS 
FIG. 13.  Intravascular  and  extravascular  lymphocytes.  The  intravascular  cell 
has  gained  attachment  of  the  endothelium  by  a  cytoplasmic process.  It  contains 
numerous  mitochondria,  vacuoles as  well  as  dense bodies.  The  extravascular  cells 
are  morphologically similar  to  the  intravascular  cell.  Note  the  protein  rich  extra- 
vascular fluid throughout the extravascular space and  the large clear vacuoles in the 
lower part of the figure.  X  6600. 
FIG.  14.  Extravascular cells lying in protein  rich fluid.  Cells  1 and  2  are  similar 
to the intravascular and transmigrating lymphocytes. Cells 3, 4, and 5 are transform- 
ing cells. Cell 4 has a large round nucleus with light chromatin and a prominent nucleo- 
lus.  Its  cytoplasm  has  a  rather  well-developed rough  endoplasmic  reticulum  with 
widened tubes which contain electron-opaque material. Cells 3 and 5 have prominent 
Golgi regions and some vesicles.  Several seemingly isolated cytoplasmic processes and 
a  single large vacuole are also noted.  )<  6300. 495 